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(57) Abstract 

The coronary sinus catheter (2) has a balloon (8) for occluding the coronary sinus, and a lumen (24) for delivering fluid distal to 
the occluding member. The catheter has a proximal portion (20) which is relatively stiff to provide column strength to facilitate insertion, 
advancement, and steering of the catheter. The catheter also has a distal portion which is more flexible than the proximal portion to provide 
an atraumatic, kink-resistant distal end. The flexible distal portion also helps prevent damage to the coronary sinus, and facilitates guiding 
the catheter into the coronary sinus. 
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ENDO VASCULAR CORONARY SINUS CATHETER 
AND METHOD OF USE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of 08/903.502. filed Julv 30. 1997 
which is hereby incorporated by reference. 

I 

BACKGROUND OF THE INVENTION 

The present invention relates to an endovascular coronary sinus catheter. A 
specific application or the endovascular coronary sinus catheter is for delivery of 
cardioplegic fluid to arrest a patient s heart and/or maintain the heart in an arrested 
state. 



A system for arresting a patient's heart and maintaining circulation of 
oxygenated blood in the patient is disclosed in U.S. Patent No. 5,584,803 which is 
hereby incorporated by reference. The coronary sinus catheter delivers cardioplegic 
fluid in a retrograde direction through the coronary sinus to arrest the patient's heart 

20 and/or maintain the patient's heart in an arrested state. The catheter passes through a 
peripheral vein, such as the internal jugular vein, ^o that direct access to the patient's 
heart is not required. An advantage ot passing the catheter through a peripheral vein 
is that less invasive surgical procedures can be performed. Less invasive cardiac 
procedures are described in U.S. Patent No. 5,452.733 and U.S. Patent Application 

25 Serial No. 08/465 J83. filed June 5. 1995 by Sterman et al„ which are hereby 
incorporated by reference. 



Another coronary sinus catheter is disclosed in U.S. Patent No. 5,558.644 
which is also hereby incorporated by reference. The coronary sinus catheter of U.S. 
30 Patent No. 5.558,644 is sized to permit endovascular placement of the catheter 
through a peripheral vein while providing a cardioplege lumen of sufficient size to 

• I - 
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deliver cardiopicgic fluid at desirable flow rates and pressures. 

It is an object of the present invention to provide an improved cndovascuiar 
coronary sinus catheter. 

SUMMARY OF THE INVENTION 

In accordance with the object of the present invention, an improved 
endovascular coronary sinus catheter is provided. 

The endovascular coronary sinus catheter has a stiff proximal portion and a 
flexible distal portion. The stiff proximal portion provides column strength and 
facilitates insertion, advancement and steering or the catheter. The flexible distal 
portion provides an atraumatic, kink-resistant distal end. The flexible distal portion 
also helps prevent damage to the coronary sinus and facilitates guiding the catheter 
into the coronary sinus. In a preferred embodiment, the proximal portion has a 
modulus of elasticity of at least 40.000 psi while the distal portion has a modulus of 
elasticity of no more than 19.000 psi. 

A stylet is preferably used to shape the distal portion to facilitate entry into the 
coronary sinus. A first contamination guard protects the stylet from contamination 
and a second contamination guard protects the catheter from contamination before 
introduction into the patient. 



25 These and other aspects of the invention will become evident in the following 

description of the preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 R g. 1 shows a coronary sinus catheter according to the present invention for 

delivering cardioplegic fluid to a patient's coronary sinus: 



-2 
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Fig. 2 shows the coronary sinus catheter of Fig. I: 

Fig. 3 is a cross-sectional view of a proximal portion of the coronary sinus 
catheter of Fig. 2 taken along line A-A: 

Fig. 4 shows a distal end of the coronary sinus catheter: 
5 Fig: 5 is a cross-sectional view of a distal ponion of the coronary sinus 

catheter: 

Fig. 6 is a longitudinal cross-sectional view of Fig. 5 taken along line B-B: 
Fig. 7 is a cross-sectional view which illustrates an intermediate step in 
forming the distal portion of the coronary sinus catheter: 
10 Fig. 8 is a longitudinal cross-sectional view of Fig. 7 taken along line C-C: and 

Fig. 9 shows a method of joining together the proximal and distal portions. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



15 Referring to Figs. 1 and 2. a coronary sinus catheter 2 in accordance with the 

present invention is shown. The coronary sinus catheter 2 is configured to be 
advanced through a peripheral vein, such as the internal jugular or left subclavian 
veins, and into the patient's coronary sinus. 

:o In a specific application of the catheter 2 of the present invention, the catheter 

2 is used to arrest and/or maintain a patient's heart in an arrested state by delivering 
cardioplegic fluid in a retrograde manner through the coronary sinus. A bypass 
system 12 maintains circulation of oxygenated blood in the patient when the patient's 
heart is arrested. The catheter 2 is coupled to a source of cardioplegic fluid 4 and a 

25 cardioplege pump 5 for delivering cardioplegic fluid to the patient's coronary sinus. 
The cardioplegic fluid is preferably mixed with oxygenated blood from the bypass 
system 12 to form blood cardioplege. An advantage of using blood cardioplegia is 
that oxygenated blood is also delivered to the patient's coronary vasculature. The 
catheter 2 is also coupled to a pressure sensor 6 for measuring pressure in the coronary 

30 sinus. 
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A3 moored above. ,he 6vpass !ystem . 
oxygenared blood ,„ rhe parien, when Ihe paue „ t , ^ „ ^ ^ 

„ raay 6c used with the coronMy s|nK ca[heKr 2 ^ • 

one such svsrem ,s described ,„ u. s . Palen , No . J84 8M ^.^ u 
• -orporared by reference. The bypa!s SVMm pre . rab|y . nc|udB a 

oxygens. hear exchanger, and , rap . A fcmoral venous ^ 

wnhd™ b,ood from me p a „e ra Md . fsmoraJ mcriaI cMnuU , 6 re[um 
Mood ,o me pauenr rrom ,he bypa* svsrem ,2. Althoufh „ „ ^ 
venous and anena, cannula rhrough te ftmoIa , blood ^ ^ 
•0 «*. H. ISmayalsobe, nseaedd,^^^^^.^^ * 
ascending aona. 

An aoruc ocdus.on ca,be,e, ,3 has a balloon 1 7 which occludes ,be ascending 
uorra. The aon.c ocdus.on carhere, I S also delivers card.opleeic fluid. ve„,s rhe 
■> -end.ng aona and measures pressure ,„ ,be asce„d,ng aona. To rhrs end. ,„e uorxic 
ocdus.on carberer coupled to ,he card,op.,ge pump 5. . vem line , , _ , 
pressure sensor ,9. The ao„,c occ,us,o„ carbercr ,8 ,„c,ude S a .omen , 3 hav,„g . 
valve ,9 for controlling whe.her rbe lumen ,3 is used for ddlver ,„ g c ^ 
or vennng of Ihe aonic r00 , „„, ^ , , A ^ ^ ^ ^ 

-0 used romflare me balloon ,7. The ao„,c ocdus.on carberer 18 prererablv passes 
■hrough rhe arrenal cannula , 6. however. ,he aorrrc occasion carberer , 8 mav also be 
mregrally formed w„h rhe anena, cannula ,6 or complerely s, para ,e from ^ aItenal 
cannu,a ,6. Ahhougb i, ,s preferred ,o use rhe aorric occlusion camerer ,8 a 
convenrrona, cross-clamp may be used ro occlude rhe ascending aorra and a 

» convent needle may be used for anragrade delivery of cardiopleeic „uid and 
venting of the ascending aona. 

Refemng » Fig. 2. me comnary srnus carherer 2 haa a proximal pordon 20 and 
a drsta, portion 22. Tta proaimal porrion 20 is reMve,, « „ ^ c0 ,„ m „ 
» srmngm and faciltae insertion, advancemen. and staehng of me carherer 2 The 
dual ponion 22 is mora flexible man rhe proximal ponron 20 ,o prov.de an 
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atraumatic, kink-resistant distal end. The proximal portion 20 preferably has a 
modulus of elasticity of at least 35.000 psi. more preferably at least 40.000 psi and 
most preferably at least 43.000 psi. The distal portion 22 preferably has a modulus of 
elasticity of no more than 28.000 psi more preferably no more than 22.000 psi and 

5 most preferably no more than 16.000 psi. Alternatively, the proximal portion has a 
stiffness which is preferably at least 1.5. more preferably at least 2.1. and most 
preferably at least 2.7 times the stiffness of the distal portion. The modulus of 
elasticity of the proximal and distal portions 20. 22 is preferably determined 
empirically and a preferred method of testing is with an Olsen Stiffness Tester 

10 available from Tinius Olsen Testing Machine Co.. Inc. of Willow Grove. 
Pennsylvania. 

Referring to Figs. 2 and 4. the catheter 1 also has an occluding member 8. 
preferably a balloon, which is used to occlude the coronary sinus so that the tluid 

15 delivered by the catheter 2 doesn't simply drain back into the right atrium. The 

occluding member 8 is made of polyurethane having a thickness of 0.0005 to 0.0007 
inch. The occluding member 8 is inflated with a fluid from a source of inflation fluid 
10. The source of inflation tluid 10. which is preferably a syringe, is preferably filled 
with contrast solution for fluoroscopic visualization. Alternatively, saline solution 

20 may be used if fluoroscopic visualization is unnecessary. Although it is preferred to 
use a balloon as the occluding member 8. a mechanically-actuated occluding member 
8 may also be used. 

Referring to Figs. 2. 3 and 4. the catheter 2 has a lumen 24. a pressure lumen 
25 26 and an inflation lumen 28 which are coupled to the source of cardioplegic tluid 4, 
pressure sensor 6 and source of inflation fluid 10. respectively. The pressure lumen 
26 has an outlet 30 distal to the occluding member 8 for sensing pressure distal to the 
occluding member 8. The inflation lumen 28 has an outlet 32 for inflating the 
occluding member 8. The lumen 24 has an outlet 34 and side holes 36. preferably at 
30 least 0.025 inch in diameter, at the distal end to infuse fluid distal to the occluding 
member 8. Although it is preferred to provide the inflation lumen 28. the lumen 24 

-5- 
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may also be used co inflate the occluding member 8 as ,s known in the an. me outcr 

^-r*.- tair!bpBtt-yB0Bllltaai2Jttiiiwk 

about 0, . 6 inch, the cross-sectional area of the inflation lumen 28 is preferably at ' 
•east 0.000201 square ,nch and more preferably about 0.000254 square inch, the cross 
sect,ona. area of the pressure lumen 26 is preferably about 0.000254 square inch and 
the cross-sectional area of the lumen 24 is preferably about 0.00657 square inch. 

The prox.mai port.on 20 is preferably an extrusion made of p 0 , yet her block 
am.de having a durometer of TOD. however, any other suitable constructs mav be 
used. For example, the proximal port.on 20 may include a reinforcing wire similar to 
the d.sta. pomon 22 as descnbed below. As discussed above, the proximal p 0nion 20 
« surf to provide co.umn strength and facilitate advancement and steenne of 'he 
catheter 2 . The prox.ma. p 0n , on 20 has a .ength or at least 30 cm. more preterab.v at 
least 40 cm and most preferably at least 50 cm. 

The proximal portion 20 terminates at a trifurcation which splits the lumens 
24. 26. 28 ,nto independent lines having various connectors 25. 27. 29 and vaives 31 
33. 35. The lumen 24 splits into first and second arms 38. 40 at a Y-connector 4? at ' 
the primal end. The lumen 24 also has a bellows 39 before the Y-connector to 
Prevent k.nking. The first arm 38 is coupled to the source of cardioplecc fluid 4 and 
a source of contrast 44. which is preferably a syringe, for fluoroscopy visualization 
A valve regulates flow through the lumen from the source of card.oplee.c fluid 4 and 
source of contrast 44. In addition, a guidewire (not shown , may be mserted into the 
t .rst arm 28 to facilitate placement of the catheter 2 into the coronary smus. 

The second arm 40 of the Y-connector 42 receives a stylet 46 which is used to 
shape the distal portion 22 of the catheter 2. The stylet 46 preferably has a shaped 
distal end which gives the distal end of the coronary sinus catheter 2 the curved shape 
of F,g. 2. The curved shape facilitates introducing the distal end into the coronary 
s-nus when the catheter 2 extends through the peripheral vein. The stylet 46 may also 
be malleable so that it can be shaped by the user. The stylet 46 may also include a 
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pull wire 47 for moving the distal end of the stylet 46 to the curved shape of line 49. 
Alternatively, the stylet 46 may be substantially straight in the unbiased condition with 
the pull wire 47 being used to move the distal portion 22 of the catheter 2 into the 
sojid-line position of Fig. 2. Although it is preferred to use the stylet 46 to shape the 
5 catheter 2, the catheter 2 itself may be shaped so that the distal end is directed toward 
the coronary sinus when the catheter 2 extends through the peripheral vein. 

Referring to Figs. 5 and 6. cross-sectional views of the distal portion 22 are 
shown. The distal portion 22 is preferably reinforced with an elongate member 48, 

10 preferably a wire, to provide hoop strength and kink-resistance. As described above, 
the distal portion 22 is more flexible than the proximal portion 20 to provide an 
atraumatic, kink-resistant distal end. The elongate member 48 preferably passes 
around only the lumen 24. however, the elongate member 24 may also extend around 
the other lumens 26. 2S. An advantage or" winding the elongate member 48 around 

15 only the lumen 24 is that the outlets 32. 30 for the inflation and pressure lumens 28. 
26 do not need to be cut through the elongate member 24. The distal portion 22 has a 
length of 2-5 cm, more preferably 2-4 cm and most preferably about 3-3.5 cm. 
Alternatively, the distal portion 22 is preferably at least 5 cm, more preferably at least 
10 cm. and most preferably at least 15 cm. 

20 

The method of formtng the distal portion 22 is now described with reference to 
Figs. 7 and 8. Figs. 7 and 8 correspond to the cross-sectional view of Figs. 5 and 6 in 
that Figs. 7 and 8 show the distal portion 22 before heating and Figs. 5 and 6 show the 
distal portion 22 after heating to form an integrated structure. The elongate member 

25 48 is first coated with a coating 50. preferably by extrusion, and wrapped around a D- 
shaped mandrel 52 in a helical manner. The coating 50 may be any suitable polymer 
and is preferably poiyether block amide having a durometer of 35D The elongate 
member 48 is preferably stainless steel ribbon having a thickness of 0.003 inch and a 
width of 0.012 inch After coating the elongate member 48 with the coating 50, the 

30 resulting coated elongate member 48 preferably has a width of 0.017 inch and a 
thickness of 0.009 inch Although it is preferred to use a rectangular cross-sectional 
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shape, the elongate member 48 may also have a circular cross-sectional shape A 
method of forming tubular structures in this manner is described in U.S Patent 
Application Sena. No, 08/6 12.230 and 08/749.683 which are hereby incorporated by 
reference. y 

V 

A two-lumen element 52. which loons the pressure and inflation lumens 26 
28. .s then positioned against the coated, elongate member 48. Teflon-coated w ire 
blockers (not shown, are inserted into the pressure and inflation lumens 26 ^8 to 
prevent collapse during heating. A shrink tube (not shown) is then positioned around 
the enure structure and the entire structure is heated to form the integrated structures 
of F,gs. a and 6. The two-lumen element 52 is preferably made of a higher durometer 
polymer than the coating 50 so that the element 52 provides tensile strength and 
minimizes elongauon. The softer coating 50 provides the catheter 2 with soft, pliable 
atraumatic characteristics. The e.ement 52 may be made of any suitable polymer and 
>s preferably polyesther block am.de havmg a durometer of 55 D. 

Referring again to Fig. 4. the distal end of the catheter has a soft tip 54 to 
prevent injury to the patient when positioning and advancing the catheter 2. The Up 
54 is preferably made of 25D polyether block amide havmg a thickness of 0.0. 8 inch 
The up 54 is heat bonded to the end of the distal portion 22 after fanning the distal 
portion 22 in the manner described above. 

Referring to Fig. 9. a panially exploded view illustrating a method of joining 
the proximal and distal pon.ons 20. 22 together is shown. Fig. 9 shows the proximal 
and dual portions 20. 22 separated for the purpose of illustration, however, the 
proximal and distal portions 20. 22 are brought into contact with one another end-to- 
end when bonding them together. Tubes 56 are positioned in the pressure and 
inflation lumens 26. 28 bridging the proximal and distal portions 20. 22 to ensure that 
the lumens 26. 28 are sealed at the connection between the proximal and distal 
portions 20. 22. A pair of sheaths 58 are positioned over the intersection of the 
proximal and distal ponions 20, 22 to ensure closure of the lumen 28. The tubes 56 
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are preferably made of poiyimide having a thickness of 0.20 inch and each sheaih 58 
is preferably made of polyether block amide having a thickness of 0.002 inch. A heat 
shrink mbe (not shown) is positioned over the sheaths 58 and blockers mot shown) are 
inserted into the lumens to 24. 26. 28 prevent the lumens from collapsing during 
5 heating. The entire structure is then heated to fuse the proximal and distal portions 20, 
22 together. After heating, the proximal and distal portions 20. 22. tubes 56, and 
sheaths 58 form an integrated structure. Although it is preferred to use the tubes 56 
and sheaths 58. the proximal and distal portions 20. 22 may be joined together in any 
other manner. 

10 

Refemng again to Fig. 2, a first contamination guard 60 protects the stylet 46 
against contamination before insertion into the patient. The proximal end of the stylet 
46 and the first contamination guard 60 are mounted to a holder 62 which is 
manipulated to move the stylet 46. The distal end of the first contamination guard 60 
15 engages a valve 64. The valve 64 has a seal (not shown) which prevents fluid from 
passing between the valve 64 and stylet 46. The distal end of the first contamination 
guard 60 has a valve 65 that locks onto the stylet 46 to ensure that the stylet 46 rotates 
with the catheter 2 when the catheter 2 is manipulated. Before delivering cardioplegic 
fluid, the stylet 46 is withdrawn until the distal end is within the second arm 40 and, 
20 therefore, does not impede delivery of cardioplegic fluid. The first contamination 
guard 60 is sized long enough so that the distal end of the stylet 46 can be withdrawn 
into the second arm 40. A second contamination guard 66 protects the catheter 2 
against contamination before introduction into the patient. The second contamination 
guard 66 has a connector 68 which engages a conventional introducer sheath (not 
25 shown) which is used to introduce the catheter 2 into the patient. The first and second 
contamination guards 60, 66 are made of polyethylene having a thickness of about 
0.002 inch. The catheter 2 shaft also has markers 68, preferably at 5 cm intervals 
beginning 10 cm from the distal tip, for use during placement of the catheter 2. 

30 a method of using the coronary sinus catheter 2 is now described The 

following describes a percutaneous method of inserting the catheter 2. however, any 

-9- 
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ocher method, such as surgical cut-down, may a.so be used. A needle (not shown) is 
•nserted mto the internal jugular vem and a gu,dewire , not shown) is fed through the 
needle. The needle is then removed leaving the guidewire in place. An introducer 
sheath having a dilator , not shown, is passed over the guidewire and into the vein 
S The dilator and wire are then removed leaving only the introducer sheath in the 
patient's vein. 

The tip of the catheter 2 is then .nserted into the introducer sheath and the 
connector 68 of the second contamination guard 66 is coupled to the introducer 
sheath. The coronary sinus catheter 2 is then advanced through the internal jugular 
vein, through the superior vena cava, and into the right atrium. Once the coronary 
s.nus catheter 2 is in the right atnum. the stylet 46 directs the tip 54 toward the 
coronary sinus. If the up 54 does not readily pass into the coronary s.nus. a euidewire 
(not shown, ,s advanced beyond the distal end of the catheter 2. Once the guidewire 
15 is placed into the coronary sinus, the catheter 2 is advanced over the guidewire and 
into the coronary sinus. The guidewire is then removed and the stylet 46 is retracted 
until the distal end is withdrawn into the second arm 40 of the lumen 24. Proper 
portioning may be confirmed fluoroscopically by inflating the occluding member and 
delivering contrast through the lumen 24 or by monitoring the pressure lumen which 
0 indicates ventricular pressure when the coronary sinus is occluded. Positioning may 
also be verified via transesophageal echocardiographic imaging. 

When it is desired to deliver the cardioplegic fluid, the occluding member 8 is 
inflated to occlude the coronary sinus. Cardioplegic fluid is then delivered through 
the lumen 24 from the source of cardioplegic fluid 4. Cardioplegic fluid may be 
delivered to arrest the patient's heart and/or to maintain the patient's heart in an 
arrested state. In order to maintain the heart in an arrested state, cardioplegic fluid is 
periodically infused into the coronary sinus. 

While the above is a preferred description of the invention, various 
alternatives, modifications and equivalents may be used without departing from the 
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scope of the invention. Therefore, the above description should not be taken as 
limiting the scope of the invention which is defined by the claims. For example, 
although the catheter 2 is described in connection with stopping a patient's heart and 
maintaining the heart in an arrested state, the catheter 2 may be used for endovascular 
5 access of the patient's coronary sinus for any other reason. 
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WHAT TS PT AIMED IS- 



1 • An endovascular coronary s.nus catheter, composing: a first lumen an 
occludmg member, a prox.ma, pon.on. a distal pon.on. and a length sufficient to 
reach a patient's coronary s.nus when the proximal portion extends through a 
penpheral vein, the first lumen having an outlet configured to infuse a fluid d.stal to 
the occluding member, the occluding member being sized and configured to occlude a 
pauenfs coronary s.nus. the proximal poruon having a modulus of elasucity of at least 
30.000 psi and the distal pon.on having a modulus of elasticity of no more than 
20.000 psi the proximal pon.on having a length of at least 30 cm and the distal pon.on 
» having a length of 2-5 cm. 



2. The catheter or claim ,. wherein: the prox.mal pon.on has a modulus 
2 of elasticity of at lease 35.000 psi. 

3. The catheter of claim 1 . wherein: the distal ponion has a modulus of 
2 elasucity of no more than 18.000 psi. 

4. The catheter of claim I . further compnsing: a pressure lumen having 
: an outlet positioned distal to the occluding member for measuring pressure distal to 
•5 the occluding member. 

' 5. The catheter of claim I . wherein: the distal ponion includes a 

2 reinforcing wire wrapped in a helical manner. 



2 



6. The catheter of claim I . wherein: the distal ponion includes a 
reinforcing wire and the proximal ponion is an extrusion. 



' 7. The catheter of claim 1, further comprising: a stylet slidably disposed 

2 within the lumen, the stylet having a shaped end which is configured to facilitate 
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1 positioning a distal end of the coronary sinus catheter into the patient's coronary sinus 

2 when the proximal portion extends through a peripheral vein. 

1 8. The catheter of claim 1 . wherein: the lumen has a bellows connector 

2 and a Y-connector which splits the lumen into first and second arms. 

1 9. The catheter of claim 8. further comprising: a stylet slidably received in 

2 the second arm. ( 

1 10. The catheter of claim 9. further comprising: a contamination guard 

2 configured to surround the stylet, the contamination guard and stylet being mounted to 

3 a holder for manipulating the stylet, the contamination guard having a length 
-t sufficient to withdraw a distal end of the stylet into the second arm. 

1 11. The catheter of claim I . further comprising: a contamination guard 

2 extendable over the proximal portion and the distal portion, the contamination guard 

3 having a connector configured to engage an introducer sheath. 

1 12. A method of accessing a patient's coronary sinus, comprising the steps 

2 of: 

? providing a coronary sinus catheter hiving a proximal portion, a distal portion, 

4 and a distal end, the proximal portion having a modulus of elasticity of at least 30.000 

5 psi and a length of at least 30 cm the distal portion having a modulus of elasticity of 

6 no more than 20,000 psi and a length of 2-5 cm; 

7 creating an opening in a peripheral vein of a patient; 

8 inserting the coronary sinus catheter through the opening in the peripheral vein 

9 of the patient; 

10 advancing the coronary sinus catheter through the peripheral vein and into the 

1 1 right atrium; 

12 positioning the distal end into the patient's coronary sinus. 

- 13- 
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1 1 3. The method of claim 1 2. wherein: 

1 the providing step is carried out with the coronary sinus catheter including a 

> lumen having an outlet. 



V 

■ 14. The method of claim 13. further comprising the step of: 

- coupling the lumen to a source of cardioplegic fluid: and 

3 infusing cardioplegic fluid into the patient's coronary sinus. 

1 15. The method of claim 14. further comprising the step of: 

- occluding the patient's ascending aorta. 

1 1 6. A method of joining a first tubular body to a second tubular body, 

2 comprising the steps of: 

- ; providing a first tubular body and a second tubular body, the first and second 

^bular bodies each having a first lumen and a second lumen: 

5 positioning an end of the first tubular body adjacent an end of the second 

6 tubular body; 

7 positioning a tube in the first lumen of the first and second tubular members, 

8 the tube extending through the first and second tubular bodies: and 
heating the first and second tubular bodies thereby bonding the first and 

second tubular bodies together. 

1 1 7. The method of claim 1 6, further comprising the step of: 

2 positioning a sheath around an outer surface of the first and second tubular 

3 members, the sheath extending around the ends of the first and second tubular bodies: 
* the heating step being carried out so that the sheath and first and second 

5 tubular bodies melt and fuse together. 



9 
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